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CHAPTER I 
Introduction 
1.1 Background 
One of the main objectives of the present study is to look for the 
occurrence of dynamical fluctuations in relativistic nucleus-nucleus 
collisions. It is believed that existence of large dynamical fluctuations in 
rapidity density and energy density would be a possible signal of the 
quark-gluon plasma (QGP) formation. Nuclear collisions at relativistic 
energies may be an important source for producing QGP, a deconfmed 
state of nuclear matter. When the universe was few micro-seconds of 
age, this novel phase of matter (QGP), is believed to have existed. QGP 
is also believed to be present in the core of neutron stars (cold QGP). In 
Physics a phase diagram shows the boundaries between different types 
of the same substance, such as steam, water and ice, depicting where 
boiling and freezing occur. Boiling and freezing are very dependent on 
external conditions, such as pressure and temperature. For nuclear matter 
the phase diagram shows the boundary between normal nuclear matter, 
composed of nucleons, and the quark-gluon plasma. QCD matter refers 
to any of a number of phases of matter whose degrees of freedom 
include quarks and gluons. These phases occur at extremely high 
temperatures and densities[l] where hadronic matter is supposed to 
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undergo a phase transition to a new state where quarks and gluons are no 
longer confined. Under such extreme conditions, the familiar structure of 
matter, with quarks arranged into nucleons and nucleons bound into 
nuclei and surrounded by electrons, is completely disrupted, and quarks 
roam freely. This can be addressed through experimental studies 
involving relativistic heavy-ion collisions. This resulted in several 
generations of experiments at CERN and BNL to search the formation of 
QGP at ultra-relativistic energies. The experimental searches were 
focused on isolating signatures of two types of phase transitions which 
might occur in extremely hot and/or dense nuclear matter. The QCD 
phase diagram[2] is shown in Fig. 1.1. It is applicable to matter in a 
, compact star, where the only relevant thermodynamic potentials are the 
quark chemical potential, ju (a measure of the nucleon density) and 
temperature T. If we increase the quark density (i.e. increase |i) keeping 
the temperature low, we move into a phase of compressed nuclear 
matter. Normal nuclear matter is situated at temperature zero and a 
baryochemical potential of about 765 MeV. The nucleon density is about 
0.145 fm"-^  and the energy density is about 0.135 GeV fm~^ . 
Compressing nuclear matter, so that the nucleons start to interpenetrate 
and overlap makes the intervening vacuum disappear. Each nucleon 
dissolves and its constituent quarks and gluons are free to move inside a 
large volume, which has become very dense by compression. A new 
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state of matter is now formed - the deconfined QGP - with a critical 
nucleon density and energy density greater than 0.72 fm~^ and 0.7 GeV 
fm~^ respectively. Liberating quarks at zero temperature, therefore 
requires matter and energy densities at least five times as large as those 
of normal nuclear matter. At ultra-high densities we expect to find color-
superconducting phase of quark matter. 
At the bottom left corner of the phase diagram, in the vacuum, we have 
|i=T=0. If we heat up the system without introducing any preference for 
quarks over antiquarks, this corresponds to moving vertically upwards 
along the T axis. At first, quarks are sfill confined and we create a gas of 
hadrons (pions, mostly). Then around T=170 MeV there is a crossover to 
the quark-gluon plasma: thermal fluctuations break up the pions, and we 
find a gas of quarks, antiquarks, and gluons, as well as lighter particles 
such as photons, electrons, positrons, etc and following this path 
corresponds to the state of the universe shortly after the big bang. This 
critical temperature corresponds to an energy density of 2-3 GeV/fm^. It 
has been estimated that the energy density achieved in the central region 
of nucleus-nucleus collisions could reach as high as 1-10 GeV/fm^, 
suggesfing that such collisions could be used to create matter in the QGP 
state in the laboratory. The line that rises up from the nuclear/quark 
matter transition and then bends back towards the T axis is the 
conjectured boundary between confined and unconfined phases. 
Fig. 1.1 
4 
The QCD phase diagram 
> 200 
CD 
CL 
E 
100 
m 
c 
<' 
a> 
—^  
re 
.1 
0 
Quarks and Gluons 
Critical point? 
Color Super-
Neutron stars conductor? 
Nuclei 
// 
Net Baryon Density 
However, these two sources are not within the reach. Hence, collisions 
of heavy nuclei at ultra-relativistic energies are apparently the only 
source for producing QGP in laboratory. With the advancement in the 
accelerator technology, it became possible to systematically study the 
physics of relativistic nuclear collisions. It may be mentioned that AGS 
at BNL and SPS at CERN were the first most capable accelerators to 
explore the heavy-ion collisions in depth. Also, Relativistic Heavy-Ion 
Collider (RHIC) was constructed which started ftmctioning in the 
summer of 2000. Large Hadron Collider (LHC) at CERN is expected to 
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become operational in 2008. International community of high energy 
physicists is looking forward to the formation of QGP at the LHC 
energies. Details of the heavy-ion accelerators, which have given particle 
physics a new horizon, are presented in Table 1.1. 
Table 1.1 
Details and year of commissioning of heavy-ion accelerators. 
Machine 
AGS 
SPS 
AGS 
SPS 
RHIC 
LHC 
Location 
BNL, USA 
CERN, 
Geneva 
BNL, USA 
CERN, 
Geneva 
BNL, USA 
CERN, 
Geneva 
Projectile 
Beam 
Si^ ^ 
0^S^2 
Au"^ 
pjj208 
Au"^ 
pjj208 
Energy/Nucleon 
GeV 
14.5 
200 
10.6 
158 
100 
2700 
Type of 
experiment 
Fixed target 
Fixed target 
Fixed target 
Fixed target 
Collider 
Collider 
Commencement 
year 
1986 
1986 
1992 
1994 
2000 
2008 
Most of the existing fundamental puzzles and mysteries of particle 
physics such as the existence of the Standard Model Higgs bosons, 
spontaneous symmetry breaking, chiral symmetry restoration, possibility 
of existence of more fundamental building blocks of matter and search 
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for more convincing signals of QGP formation are expected to be solved 
after commissioning of the LHC. 
The aim of the present study is to prepare for data analysis from ALICE 
experiment. We have tried to look for occurrence of dynamical 
fluctuations in Pb-Pb interactions at SPS energy. With the advent of 
LHC, events with up to 8000 charged particles produced will be 
available. The present work could be extended to look for these 
fluctuations and other signals of QGP formation in Pb-Pb collisions in 
ALICE experiment at more than 25 times the highest energies available 
today. Huge multiplicity of events will enable us to study event-by-event 
fluctuations more appropriately. We have compared the experimental 
results with those obtained from FRITIOF and HIJING models. The 
input parameters like atomic and mass numbers of the target and 
projectile, projectile energy, value of impact parameter and number of 
events were adjusted to produce simulated events. Knowledge of 
generating simulated events, as good as possible the "real" events will 
help in analyzing data from ALICE. In the following section a chapter 
wise short description of the data analysis is presented. 
In the present study the relevant details about the Emulsion chamber 
technique used, its advantages over conventional emulsion stack 
technique, disadvantages, etc., are presented in Chapter II. 
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Various characteristics of nucleus-nucleus collisions at 158A GeV/c like 
average multiplicity of charged particles n^, pseudorapidity distribution, 
dependence of average dispersion of r| distribution, and average r\ on n^ 
and related aspects are presented in Chapter III. The Pb-Pb interaction 
data that we have used in the present analysis was obtained from 
EMUOl collaboration. Data from interactions at various energies and 
with different projectile nuclei has been collected in this collaboration. 
Data has been used to study various aspects of particle production in 
heavy-ion interactions at various energies and with various projectiles. 
For example M.I. Adamovich et al.[3] have studied the widths of 
pseudorapidity distributions and their centrality dependence for various 
interacting systems at different energies. A comparative study of 
pseudorapidity distributions for different interactions at different 
energies have also been performed. Also M.I. Adamovich et al. have 
studied pseudorapidity distributions of Au+Em interaction[4] at 10.7A 
GeV/c for four centrality cuts. They also studied pseudorapidity 
distributions of 0+Em interaction[5] at 200A GeV/c for different 
centrality cuts. In both cases they have looked for the spectator 
contribution by disentangling the distributions into two Gaussians. In 
general one expects to see symmetric distributions when the projectile 
and the target are same like the Pb-Pb interactions that we have studied. 
We have tried to look for the spectator part contribution in a similar way 
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adopted by M.I. Adamovich et al.[4-5]. Another very important 
characteristic of multiparticle production that deserves special attention 
is the maximum pseudorapidity gap distribution. In this chapter it has 
also been tried to explore some basic features of maximum 
pseudorapidity gap distribution. 
A power law growth of the scaled factorial moments with decreasing 
phase-space bin-width, referred to as intermittency, is regarded as an 
indication of the occurrence of the dynamical fluctuations. Study of 
intermittency in relativistic A-A collisions is carried out by adopting the 
approach suggested by Bialas and Peschanski; this is done in terms of 
scaled Factorial moments (SFM). Power law behavior of the scaled 
factorial moments is looked into for examining the features of 
intermittency indices. Results on these aspects are presented in Chapter 
IV. Earlier the collaboration has looked for this behavior in S+Au 
interactions[6-9] at 200A GeV/c, S+Ern interaction[8] at 200A GeV/c, 
0+Em interaction[8] at 14.6A GeV/c, 60A GeV/c and 200A GeV/c. 
They also looked for fluctuations in Pb+Pb interactions at 158A GeV/c 
by observing distribution[10] of event-by-event fluctuations. In this 
chapter we have presented our results on distribution of event-by-event 
fluctuation and compared our results on intermittency indices with those 
obtained from FRITIOF (modified version) generated data. 
B 
The concluding chapter summarizes various results obtained in the 
present study. 
1.2 Event Generators 
A description of various commonly used event generators for very 
energetic hadron-hadron, hadron-nucleus and nucleus-nucleus collisions 
is presented in this section along with the basic physics behind them. 
1.2.1 VENUS 
VENUS (Very Energetic Nuclear Scattering) is a Monte-Carlo 
procedure to simulate hadronic interactions at ultra relativistic energies 
(hadron-hadron, hadron-nucleus, nucleus-nucleus scattering), and also 
interactions involving leptons ( e"'"e~ annihilation, lepton-nucleon, 
lepton-nucleus scattering). VENUS is based on Gribov-Regge theory of 
multiple pomeron exchange and classical string dynamics. Gribov-
Regge theory is an effective field theory, which allows multiple 
interactions to happen in parallel with pomeron as exchange particles. 
Pomeron is a family of particles with increasing spin, postulated to 
explain the slowly rising cross section of hadronic collisions at high 
energies. In a nucleon-nucleon collision, we can treat a nucleon as 
composed of a quark q and a diquark qq system. A diquark behaves like 
an antiquark, except that unlike an antiquark which can be annihilated by 
a quark, a diquark cannot be annihilated by a quark. A nucleon-nucleon 
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collision can be represented by a nonplanar cylinder diagram[14]. A cut 
of the cylinder diagram for elastic scattering gives the diagram for 
multiparticle production. There are two chains of produced particles. If 
we label the quark and the diquark in one nucleon by i and jk, and the 
quark and diquark of the other nucleon by 1 and mn, the the quark i and 
the diquark mn form a chain while the diquark jk and the quark 1 form 
another chain. In a hadron-nucleus or nucleus-nucleus collision, it is 
assumed that a Glauber type multiple collision model is valid, so that a 
nucleus-nucleus collision can be decomposed as a combination of a set 
of collisions of nucleons of one nucleus with many nucleons of the other 
nucleus. Because diquarks cannot be annihilated by a quark, there is no 
planar diagram for the collision of, for example, one projectile nucleon 
with n other target nucleons. The simplest diagram for elastic scattering 
is the diagram with the projectile nucleon exchanging a Pomeron with 
each of the target nucleons. The diagram for elastic scattering consists of 
the world sheet of the projectile nucleon joined by a cylinder to each of 
the world sheets of the n participant target nucleons. There are then n 
cylinders. When we cut the elastic diagram to obtain the diagram for 
particle production, we cut across the cylinders to obtain 2n chains of 
produced particles. For example, in the collision of one projectile 
nucleon with two target nucleons, the diagram of quark and antiquark 
lines for the process of particle production can be represented by Fig. 
1.1 
1.2. If there were only one collision, as the quark-diquark system of 
incident projectile baryon proceeds forward, a chain is formed between 
the diquark Qpqp of the projectile nucleon with the valence quark q^  of 
the target nucleon. A similar chain is formed between the valence quark 
of the projectile nucleon qp and the diquark q^q^ of the target nucleon. 
When there is a second collision, the diquark qpqp of the projectile 
nucleon proceed forward to form a chain with the valence quark q2 of 
the second target nucleon, and there is a chain between the quark q^ea 
and the diquark q2q2 of the second nucleon. There are therefore two 
types of chains: those not involving sea quarks and those involving sea-
quarks. In a collision of a baryon with n target nucleons, there are two 
chains not involving sea quarks and 2n-n chains involving sea quarks. It 
is assumed that each chain leads to an independent production of 
particles. This model also includes the probability for finding an 
antiquark in a nucleon and the collision of this antiquark with other 
nucleon. 
The program is only valid for collisions with cm. energy Vs above 12 
GeV/n. 
1.2.2 HIJING 
HIJING (Heavy Ion Jet Interaction Generator) Monte Carlo model was 
developed by M. Gyulassy and X.N. Wang with special emphasis on the 
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qpqp 
qiqi Qtqi qzqz 
Fig. 1.2 The diagram for the coUision of one projectile nucleon with two target 
nucleons in the dual-parton model. 
J. o 
role of minijets in pp, pA and AA reactions. In liigh energy hadron and 
nuclear interactions, multiple minijet production becomes more and 
more important. Especially in relativistic heavy-ion collisions, minijets 
are expected to dominate transverse energy production in the central 
rapidity region. Particle production and correlation due to minijets must 
be investigated in order to recognize new physics of quark-gluon plasma 
formation. Due to the complication of soft interactions, minijet 
production can only be incorporated in a pQCD inspired model. Based 
on a pQCD-inspired model, minijet production is combined together 
with Lund-type model for soft interactions. Within this model, triggering 
on large ?j jet production automatically biases toward enhanced minijet 
production. A parameterized parton distribution function inside a 
nucleus is used to take into account parton shadowing. In ultra-
relativistic heavy-ion collisions at center-of-mass energy of 5.5 TeV at 
LHC, interactions between the high-momentum parton and the medium , 
produced in the collisions, are expected to lead to jet energy loss, the so-
called jet quenching. Jet quenching is modeled by an assumed energy 
loss /Ay of partons traversing the produced dense matter. The QCD 
inspired model is based on the assumption of independent production of 
multiple minijets. It determines the number of minijets per nucleon-
nucleon collisions. For each hard or semihard interaction the kinetic 
variables of the scattered partons are determined by calling PYTHIA 
subroutines. The scheme for the accompanying soft interactions is 
similar to FRITIOF model with some differences in the successive soft 
excitations of the leading quarks or diquarks and Pj transfer involved. 
Since minijet production is dominated by gluon scatterings, we assume 
that quark scatterings only involve valence quarks and restrict the 
subsequent hard processes to gluon-gluon scatterings. 
HIJING is written in FORTRAN 77. The program is only valid for 
collisions with cm. energy (Vs) above 4 GeV/n. For central Pb+Pb 
collisions, some arrays have to be extended above Vs = 10 TeV/n. 
1.2.3 FRITIOF 
FRITIOF is a Monte Carlo implementation for hadron-hadron, hadron-
nucleus and nucleus-nucleus collisions[14]. The basic idea of the model 
is in a simple picture that a hadron behaves like a relativistic string with 
a confined colour field. During a soft interaction many small transverse 
momenta are exchanged between partons and two longitudinally excited 
string states result from the collision. Disturbance of the color field will 
in general initialize gluonic radiafion. The final hadronizafion is 
performed by using the Lund string fragmentation model. The final state 
particles are obtained by fragmenting the string states. FRITIOF code is 
based on superposition model of nucleus-nucleus interactions. The 
generalization of this model to hadron-nucleus and nucleus-nucleus 
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collisions is rather straight forward. At high energies a collision between 
nuclei can be regarded as incoherent collisions between their nucleons. 
Thus a nucleon from the projectile interacts independently with the 
encountered target nucleons as it passes through the nucleus. Each of 
these sub-collisions can be treated the same way as a usual hadron-
hadron collision. A crucial assumption is that although the nucleon 
becomes excited as a result of consecutive collisions with target 
nucleons, it remains essentially a nucleonic state as it traverses the 
target. This is to say that, on the time scale of the collision process, the 
excited nucleonic state does not fragment in the intermediate state and so 
there is no intra nuclear cascade. This assumption is reasonable at high 
energy since the time scale associated with fragmentation is expected to 
be much longer due to time dilation as compared to the traverse timb for 
the nucleon passing through the nucleus. So in this picture a projectile 
nucleon passing through the nucleus will exchange momentum each time 
it encounters a target nucleon. If it interacts with n nucleons in the target, 
n+1 excited string states will be formed as a result. These string states 
will then have associated bremsstrahlung radiations and finally fragment 
into hadrons. 
FRITIOF is written in FORTRAN 77. The program is not supposed to be 
applicable at collision cm. energies (Vs) below 10 GeV. At very high 
energies (Vs in the TeV range), especially for heavy ion collisions, 
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certain aiTays need to be expanded to accommodate the large number of 
particles produced. 
1.3 Models of nuclear collisions 
The study of multiparticle production at high energies has been one of 
the most extensively studied topics in the recent years. From time to 
time, various models have been put forward, in terms of normal physics 
without invoking the QGP formation, to explain the mechanism of 
particle production in high energy heavy ion collisions. Some of the 
models have been briefly described below. 
1.2.1 Wounded nucleon model 
This model is regarded as one of the simplest of all the models. Features 
of particle emission, including angular distribution of the produced 
particles, are well understood using this model. The concept of a 
wounded nucleon[l 1] was introduced by Bialas. A wounded nucleon is 
one that has interacted at least once. It was proposed that for hadron-
nucleus collisions the average charged particle multiplicity increases 
more slowly than the number of individual nucleon-nucleon collisions. 
This number, denoted usually by v is given by: 
v = ^ ^ (1) 
OhA 
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The ratio of charged particles produced in hadron-nucleus collisions to 
that for hadron-proton collision was found to be: 
„ _ <n>hA _ (1+v) , 2 \ 
<n>hp 2 ^ ' 
This is just the ratio of the number of participants in hadron-nucleus (1 
from hadron and v from nucleus of mass A) and hadron-proton (2). The 
wounded nucleon model states that particle production in a nuclear 
collision is the superposition of independent contributions[ll] from the 
wounded nucleons in the projectile and target. Thus one can just 
measure particle production in elementary collisions by counting the 
wounded/participating nucleons in the target. This way the total particle 
multiplicity in hadron-nucleus collision can be obtained. 
During the era when new experiments on nucleus-nucleus collisions 
were planned, new ideas appeared, originating from the wounded object 
concept. It was suggested by Bialas that it is rather the number of 
wounded quarks in the colliding objects that determines the produced 
particle multiplicity. Wounded nucleon model predicts that the number 
of relativistic charged particles produced in A-A collisions should show 
a scaling behavior with the mean number of wounded nucleons, W. The 
multiplicity, H^A, of particles produced in such collisions at a given 
projectile energy is given by n^ A = ~ WHAACE), where HAACE) is the 
particle multiplicity in corresponding p-p collisions at the same energy. 
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Again a much convenient and simple parameter, the multiplicity per 
participating nucleon, M = H^A/W, is considered. The parameter M is 
believed to be very useful in comparing the multiplicities observed in the 
colliding systems of different sizes; M is visualized to depend only on 
the collision dynamics and does not show any dependence on the impact 
parameter, b. However, W is observed to depend on the nuclear radius, 
density and impact parameter. An estimation of the number of the 
wounded nucleons in a nuclear interaction can be made using the 
following expression[9]: 
W = ^ ^ 5 ^ + ^ ^ ^ = W T + Wp (3) 
where Opj represents the total inelastic hadronic cross-section for the 
projectile nucleus colliding with the target and a^p and o^x are 
respectively the cross-sections for the interactions of nucleon with 
projectile and target nuclei, Ap and Aj represent the mass numbers of the 
projectile and the target nuclei respectively and Wj and Wp denote the 
numbers of the wounded nucleons of the target and projectile nuclei 
respectively. In order to calculate the number of wounded nucleons in a 
central A-A collision, maximum impact parameter, bmax' is used. The 
cross-sections are computed using inelastic hadronic cross-sections and 
nucleon density fluctuations of the target and projectile. This calculation 
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is performed using Glauber model. The parameter b^ax ^^ the case of 
the central collisions may be obtained[12] using 
Opart = n b ^ a x = f^ PT Ncentral/Ntotal (4) 
where Ncentrai ^iid Nfotai respectively represent the numbers of the 
central and total interactions for a given sample of A-A collisions. 
It may be stressed that the excited and unexcited nucleon cross-sections 
due to different interactions are assumed to have the same value; the 
numbers of the interactions caused by the target and projectile may be 
obtained using: 
vj = ^^^^ (5) 
ONT 
and 
Vp = ApONNf^NP (6) 
The total number of interactions caused by the projectile nucleons with 
the target nucleons may be evaluated from 
V = WpV-r = W^Vp (7) 
It has been reported that the predictions of the wounded nucleon model 
are in fair agreement with the results obtained for the experimental data 
on 158A GeV/c Pb-Pb collisions[12]. 
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1.2.2 Participant-Spectator Model 
The Participant-Spectator model of a heavy-ion colUsion is illustrated in 
Fig. 1.3. The nuclei are Lorentz contracted along the direction of motion. 
The transverse distance between the centers of the two colliding nuclei is 
called the impact parameter. For a given impact parameter, in the 
overlapped region, nucleons interacts violently with each other and are 
scattered over a wide range of angles and momenta. These nucleons are 
usually called participants. On the other hand, some nucleon groups are 
located in the non-overlapped regions between the projectile and the 
target will pass through, keeping their initial velocities. These nucleon 
groups are called spectators. According to this model the participants 
will eventually disintegrate totally giving rise to many new produced 
particles. The spectator part will evaporate a few particles with much 
lower energy, but will not disintegrate. This allows one to distinguish 
experimentally between collisions at different impact parameters 
(peripheral, central collisions) between two equal mass ions. 
The participating nucleons from overlapping nuclear parts create a 
volume of high temperature and density, while the spectators move 
basically undisturbed through the collision. To determine the collision 
geometry, measurements of quantities, which are strongly correlated to 
the number of participants, are used, such as transverse and forward 
energies and the number of produced particles. 
This model contains three distinct assumptions[13] which are rather 
different from those usually contained in other fireball models. 
(i) The number of participants from projectile and target nuclei can 
be estimated simply from nuclear geometry before collision. 
(ii) The reference frame is chosen to be the center-of-mass frame of 
participants (here denoting the c.m.p frame), which is different for 
different impact parameters, and the available kinetic energy is 
calculated in that frame. The c.m.p. frame is different from the 
nucleon - nucleon center-of-mass frame and the geometrical cm. 
frame which is defined as the projectile (small) plus the region of 
target (large) grilled by the projectile at zero impact parameter. 
(iii) The excited energy of the producing-particle system in the c.m.p. 
frame is estimated by deducing the spectators of projectile and 
target. 
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1.2.3 Hydrodynamical Model 
The main assumption of the hydrodynamical model is that the 
interaction mean free path of a particle is very small as compared to the 
size of the colliding system. The two colliding nuclei are treated as two 
drops of nuclear fluid which combine together to form another fluid 
drop. The properties of the nuclear fluid drops thus formed obey the 
usual thermodynamical laws. It may be of interest to remark that certain 
primary conditions are necessary to be fulfilled for the validity of this 
concept of the collision. In particular, these collisions may be stated as: a 
0'2 
large number of degrees of freedom is shown by the colliding nuclei, 
i.e., collision time and the time required for the system to reach an 
equilibrium state must be comparable. The secondary particles in the 
collisions are mainly produced from the resulting nuclear fluid drop 
which is formed by the merger of the drops corresponding to the 
projectile and target nuclei. 
2^ 
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CHAPTER II 
The data source and experimental techniques 
The experimental data on Pb-Pb interactions at 158A GeV/c, used in the 
present work, was obtained from Department of Physics, Jammu 
University (India) who were one of the collaborators in the EMUOl 
project. The EMUOl project is a worldwide collaboration, using nuclear 
emulsions to study high energy heavy ion interactions. The 
collaboration[l] was established in 1985 and employed two 
complementary exposure techniques to detect and measure the 
production angles of charged particles, produced in nucleus-nucleus 
collisions. They are the conventional emulsion stack technique and the 
emulsion chamber technique. During the era of heavy ions at the CERN 
Super Proton Synchrotron (SPS) and the BNL Alternating Gradient 
Synchrotron (AGS) the EMUOl collaboration has collected data from 
interactions at various energies and with different projectile nuclei. At 
the same time data were collected with similar beams from the JINR 
Synchrophasotron in Dubna. They were thus in the rather unique 
position of being able to study aspects of the particle production in 
heavy-ion interactions at various energies and with various projectiles 
using identical detectors and identical measuring techniques. The data 
collected by the collaboration as well as the different experiments within 
the project[l] are summarized below. 
Collected data: 
1. 200A GeV/c: 0+Em(S+C), S+Em(S+C), S+Au(C), S+Ag(C) at 
CERNSPSEMUOl 
2. 158A GeV/c: Pb+Em(S+C), Pb+Pb(C), Pb+Ag(C) at CERN SPS 
EMU 12 
3. 60A GeV/c: 0+Em(S+C) at CERN SPS EMUOl 
4. 14.6A GeV/c: 0+Em(S+C), Si+Em(S+C), Si+Au(C) at BNL AGS 
E815 
5. 11.6A GeV/c: Au+Em(S+C), Au+Au(C), Au+Ag(C) at BNL AGS 
E863 
6. 4.5A GeV/c: 0+Em(S), Si+Em(S) at Dubna 
where S stands for emulsion stack technique and C stands for emulsion 
chamber technique. 
2.1 Emulsion Stack Technique 
In the emulsion stack technique, stacks of 30 NIKFI BR-2 type emulsion 
pellicles[2] were exposed with the beam parallel to the emulsion plane 
(horizontally). Two different size stacks were employed, one with 
pellicles of dimensions 20 x 10 x 0.06 and the other 10 x 10 x 0.06 cm^. 
Their sensitivity[4] varies between 20 and 30 grains per 100 microns for 
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minimum ionizing particles. The exposure densities[3] were about 5 x 
10^ nuclei cm^. 
The pellicle stacks provide a good measure of minimum bias cross-
sections because "along the track" scanning can determine the fate of all 
of the projectile ions that are obser^ ^ed. The emulsion itself serves as a 
track sensitive target. They also provide a good way to determine the 
charge of projectile fragments which travel horizontally through the 
plates allowing the application of grain counting and delta ray counting 
techniques. Thirdly, the pellicles allow complete 4n angular coverage of 
the interactions because the interactions occur inside the emulsion stack 
allowing the observation of all outgoing tracks. 
The disadvantage of the stacks is that distortions limit the accuracy with 
which production angles can be measured. The emulsion can experience 
distortions during processing, especially in the vertical direction because 
of its shrinkage during processing. The processed emulsion has less than 
half the thickness that it had during the exposure. Also, the particles 
travel a long distance through the emulsion so that multiple Coulomb 
scatterings can significantly alter their direction of travel. These 
distortions and scatterings limit the angular resolution to about 0.1 units 
of pseudorapidity. Charge of pions can not be identified (in general). 
2.1.1 Composition of nuclear emulsions 
Small crystals of silver-halide, mostly bromide with a small admixture of 
iodide, embedded with gelatin constitutes the heterogeneous medium of 
nuclear emulsions[5]. Nitrogen, oxygen, carbon and hydrogen mixed 
with a small portion of glycerine are the main components of gelatin. 
Gelatine acts as a suspension matrix in which silver halide crystals get 
fixed in. Gelatine provides a compact three-dimensional network, which 
basically locates the small crystals and prevents them from migrating 
during development and fixation. The brittleness of the emulsion gets 
reduced due to the presence of glycerine. Emulsion stays moist for a 
relatively longer period and does not peel off due to the presence of 
water content. 
Given in Table 2.1 are the compositions of G5 nuclear emulsion. By 
mass the emulsion is composed[5] of: ~ 1% hydrogen (H), 16% carbon-
nitrogen-oxygen (CNO) and 83% silver-bromine (AgBr). The average 
mass numbers, < A >, of the different groups of nuclei may be calculated 
using < A > = ^ ' '; the values of < A > for H, CNO, emulsion and 
^ ZNi ' ' ' 
AgBr groups of nuclei thus turns out to be equal to 1, 14, 70 and 94 
respectively. 
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Table 2.1 
Composition of the standard G5 nuclear emulsion 
Elements 
H 
C 
N 
0 
s 
Br 
Ag 
Charge 
Z 
1 
6 
7 
8 
16 
35 
47 
Mass 
number 
A 
1 
12 
14 
16 
32 
80 
108 
Mass in gm of the 
Elements per cm^ of 
Em. 
0.05 
0.28 
0.07 
0.25 
0.01 
1.34 
1.83 
No. of atoms/cm^ 
of Em. (* 10^2) 
3.22 
1.39 
0.32 
0.94 
0.01 
1.01 
1.02 
Reaction 
Probability 
(%) 
12.4 
15.5 
3.8 
12.0 
0.2 
25.9 
30.0 
2.1.2 Track formation 
Measurement of ionization produced by charged particles passing 
through emulsion is one of the most basic measurements that are carried 
out using nuclear emulsion technique. The mean rate of energy loss, 
(~ /A^), by a charged particle, while traversing through a medium, is 
given by Bethe-Bloch formula: 
dE /4nNZz^e'*\ r, / 2mv'= \ o2n 
I(l-P^); (1) 
f< • • 
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Where Z and A respectively are the mean atomic and mass numbers of 
the target atoms of the medium, ze is the charge of the particle moving 
with a relative velocity p(=v/c), c being the speed of light in vacuum, N 
denotes Avogadro's number, m is the rest mass of electron and I 
represents the mean ionization potential of the target atoms. 
While traversing through emulsion charged particles lose their energies 
to the atomic electrons. If the energy transferred to the electrons exceeds 
the ionization potential of the atom, ionization of atoms takes place. Due 
to this process some of the halide grains in the emulsion become 
developable. When they are immersed in a reducing bath, called 
developer, they turn into the grains of metallic silver, which appear 
black. A series of black grains formed along the trajectory of a charged 
particle is referred as the track of the particle. 
Measurements of ionization produced by a charged particle together with 
scattering, information regarding the identity and velocity of the particle 
producing that track may be obtained. Particles moving with higher 
velocities may produce weaker ionization and hence the grains formed 
would be quite rarer. Thus, when an incident particle interacts with the 
constituents of nuclear emulsion, it is called an interaction and the 
trajectories of the particles produced in the interaction are termed as the 
tracks of the secondary particles. It may be of particular interest to 
mention that the tracks in an interaction appear to come from a single 
point, called the vertex; a recorded interaction in emulsion is referred to 
as STAR on account of its characteristics appearance. 
2.1.3 Scanning procedure 
Scanning is the process of searching an interaction. Two methods of 
scanning are usually employed: (i) area scanning and (ii) line scanning. 
In line scanning, one follows each primary track in a systematic manner 
from the entrance edge so that no interaction is left out and picks up each 
beam track at least 3 mm from the entrance edge and follows till it 
leaves the pellicle from the air or glass surface of the emulsion. 
2.1.4 Methods of ionization measurements 
The number of grains per unit length is termed as grain density, which 
gives an estimate of the ionization produced by a charged particle. The 
method of measuring ionization by determining grain density is 
employed in the case of relatively faster charged particles. However, in 
the case of particles, which are heavily or moderately ionizing, grains 
coalesce together to form blobs along the track. In these cases ionization 
is determined by counting the numbers of blobs and gaps over a certain 
track length. 
When the energy loss of a secondary particle, while traversing through 
nuclear emulsion, is large enough, about a few KeV, observable shorter 
track is formed. This is referred to as a delta-ray. Delta-ray density is 
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determined for measuring the charges of the particles which form these 
tracks. Furthermore, it may be noted that delta-ray density along the 
track of a charged particle is directly proportional to the square of its 
charge. Thus, measurement of delta-ray density helps determine the 
charges of the multiply charged particles. 
A charged particle traversing through nuclear emulsion suffers a large 
number of multiple collisions and loses its energy and finally comes to 
rest terminating its track. The length of the track from its origin to the 
last developed grain is called range, R, of the charged particle. For 
relatively faster particles, ranges are generally longer and may not end in 
emulsion. In such cases, determination of energy of the secondary 
particles may be carried out by performing scattering measurements as 
well on their tracks. Following methods are used to measure ionization 
produced by charged particles. 
(i) Grain density method 
The grain density of a track is the number of developed grains per unit 
length along the track. On the tracks of relatively faster particles, the 
grain density method may be used for determining their ionization. By 
measuring the grain density, g, on the track of any particle, the 
normalized grain density or specific ionization, g*, is determined using 
cr 
the relation, g* = —, where go is the mean grain density measured on 
go 
f 1 
the track of the primary particle; go is known as plateau ionization. 
Measurements of g* gives a reliable estimate of the ionization along the 
track having low ionization. 
(ii) Blob and gap method 
The gap-length distribution between neighboring blobs has an 
exponential behavior of the type: 
H(l) = Be(-g') (2) 
Where H(l) denotes the density of the gaps of lengths greater than or 
equal to 1, B is the blob density and g is known as the coefficient of the 
exponential of the gap length distribution, g is regarded as the most 
appropriate parameter for measuring ionization produced by charged 
particles. The ionization produced by a charged particle can be measured 
by determining blob and gap densities on the track choosing T such that 
the total number of blobs is about four times the number of gaps, i.e., 
B S 4H . Following empirical relationship is used to estimate the 
ionization produced by a charged particle: 
B = ge-«g (3) 
The value of parameter a appearing in the above expression is found to 
depend, to a large extent, on the size of developed grains and to some 
3b o 
extent on the optical resolution of the microscope and the convention 
adopted by an observer. 
However, if the ionization, g, of a charged particle is about lOgo and the 
number of the gaps having lengths 1^  and I2 are Hj and H2 respectively, 
then g may be determined from 
g = r ^ Ioge(^) (4) 
It may be stressed that the parameter g* is found to be practically 
insensitive to the degree of development of the emulsion used. 
(iii) Delta-ray counting 
When a relatively large amount of energy is transferred to atomic 
electrons by a charged particle traversing through nuclear emulsion, it 
causes secondary ionization; the secondary ionization results in the 
formation of a series of short tracks branching out from the main track. 
The tracks having some characteristics lengths greater than a certain 
minimum length are defined as delta-ray. Only those grain 
configurations having displacements of at least 1.58|i from the axis of 
the particle track are counted as 5 rays. 
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2.1.5 Classification of tracks 
Depending upon the values of specific ionization, g*, produced by 
secondary charged particles, tracks of these particles are classified into 
following three classes. 
Shower tracks 
These are the tracks produced by weakly ionizing charged particles 
having relative velocities (3(= -) > 0.7 or specific ionization g* < 1.4. 
These are the tracks mostly produced by relativistic charged pions. The 
total number of such tracks produced in an interaction is denoted by n^. 
Grey tracks 
Charged particles having relative velocities lying in the interval: 
0.3 < P < 0.7 produce grey tracks. The specific ionization, g*, of the 
particles producing grey tracks lie in the range: 1.4 < g* < 10. Most of 
the particles producing grey tracks are recoil target protons which carry 
vital information about intra-nuclear cascading; small numbers of 
deuterons and tritons may also produce grey tracks. The total number of 
grey tracks in an interaction is represented by Hg. The sum of the 
numbers of shower and grey tracks in an interaction is known as 
compound particle multiplicity and their number in a collision is 
represented by n^ = (Hg + Hg). 
O / 
Black tracks 
Target associated particles are envisaged to form black tracks; these 
particles are mostly emitted due to the de-excitation of the excited target 
nuclei through evaporation. The specific ionization, g*, of the particles 
producing black tracks are greater than 10. The particles producing these 
tracks are mostly protons but may contain small percentage of multiply 
charged fragments. The number of these particles produced in an 
interaction is designated by n^. 
Black and grey tracks, taken together, are referred to as heavily ionizing 
tracks or heavy tracks. The number of heavily ionizing tracks in an 
interaction is denoted by n^ = (n ,^ + Hg). 
2.1.6 Angular measurement 
In order to measure the space angle of a track with respect to the mean 
direction of the primary, its projected angle in XY plane and dip angle in 
YZ plane are determined directly. Knowing the projected angle, 0p, and 
the dip angle, G ,^ the space angle is calculated from: 
0s = cos"^[cos0p * cos0d] (5) 
It is important to mention that in the case of small angular separation of 
the tracks, it is not easy to measure their angles directly. Hence in such 
cases X, Y and Z co-ordinates at two points on the track are first 
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measured and then 0p and 9^ are evaluated using the following 
expressions: 
0p = t a n - ^ ^ ) (6) 
ed = t a n - H ^ ) (7) 
It should be emphasized that the dip angle, Q^, in the unprocessed 
emulsion is determined from: 
9, = t a n - \ 5 ^ ) (8) 
where SF is the shrinkage factor, which is the ratio of the thickness of 
the unprocessed and the processed emulsion. The space angle of the 
tracks having smaller angular seperations is calculated using the 
expression: 
6s = cos - M c o s ( t a „ - ( ^ ) ) . c o s ( t a „ - ( ^ ) ) ] (9) 
2.2 Emulsion Chamber Technique 
The emulsion chamber technique uses chambers of emulsion plates and 
spacers which are exposed perpendicular to the beam (vertically). The 
data that we have used for analysis was retrieved from some of the Pb-
chambers irradiated at CERN-SPS. The collisions were recorded with 
Pb^°^-beam accelerated to incident momentum of 158A GeV/c and then 
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fired towards stationary lead foil with thickness ~ 250 i^m. The lead foil 
was positioned in the front of seven consecutively arranged plastic 
sheets coated on both sides by the nuclear emulsion, FUJI ET-7B. 
Because of the relatively high transverse momentum most of the 
produced particles and fragmentations were emitted within a narrow 
forward cone. Therefore, their tracks could be registered within the 
forward emulsion sheets. The exposure process was mainly controlled 
by counting the heavily ionizing particles by using scintillatior and 
discriminator with relatively high threshold settings. The number of 
beam-particles was registered by using an additional counter installed 
behind the emulsion chamber. Scale and driver electronics (CAEN 
NHS) were used to build up pulses to be transferred to the SPS kicker 
magnet. The kicker magnet consequently removed the beam, if the 
particle number transcends 3000 per spot. The beam density was 
~ 5.10^ nuclei/cm^. The scanning efficiency in the emulsion was 
0.75 + 0.05. The emulsion sensitivity for singly charged particles was as 
good as 30 grains per 100 )Lim. Except for two test chambers, all of the 
exposures were done without the benefit of a magnetic field. Therefore 
only the charged particle production angles could be measured. No 
momentum measurements and particle identification were possible. 
The emulsion chambers are designed to overcome the problems faced in 
emulsion stack technique. Because the plates in the chambers are 
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separated by honeycomb paper spacers, the particles travel through 
mostly empty space. The total thickness of a typical chamber in the 
beam direction is about 1.25 gr/cm"^, or 1.73 gr/cm^ with a gold target. 
This greatly reduces the deviations caused by multiple Coulomb 
scatterings. Secondly, the tracks are measured at the emulsion-air and 
emulsion-plastic interfaces, and their locations are measured relative to 
other beam tracks, thus removing the emulsion distortion effects. This 
allows for a more accurate measurement of production angles[6], to 
about 0.01 units of pseudorapidity in the central region, and it allows a 
very accurate determination of projectile fragment angles up to a 
pseudorapidity of about 10. The other design advantage of the chambers 
is that by allowing the track patterns to spread out over a long distance, 
around 5 cm, it is possible to separate out all of the tracks within the 
dense cores of high multiplicity S + Au interactions. These interactions, 
which have multiplicities as large as 600 prongs, can be easily measured 
using the chamber technique. 
One disadvantage with the chambers is that along the track scanning is 
not possible so that minimum bias cross-sections cannot be determined. 
The events in chambers are found by "area" scanning which is 
inefficient for finding the smallest events. A second disadvantage is that 
it is difficult, and for the gold interacfions impossible, to measure the 
large angle and backward moving particles. Therefore, only particles 
4 1 
produced within 30 degrees of the beam direction can be measured with 
nearly 100% efficiency. This limit corresponds to 1.32 units of 
pseudorapidity. 
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CHAPTER III 
General characteristics 
3.1 Introduction 
Study of the general characteristics of relativistic nuclear collisions was 
indeed the priority in the beginning of the era of investigation of 
multiparticle production process in A-A collisions. Study of various 
characteristics of secondary particles produced in high energy nucleus-
nucleus collisions is considered to contain significant information about 
the dynamics involved in multiparticle production. Relativistic nuclear 
collisions are considered to be very messy because their geometry is 
very difficult and they involve many participating nucleons. Interest in 
the study of relativistic nuclear collisions has considerably increased 
recently due to the fact that study of these collisions may provide an 
opportunity to investigate the formation and properties of quark-gluon 
plasma (QGP). It is envisaged that when QGP will be formed, the 
degrees of freedom of the new state of matter, quark and gluons, will be 
in a deconfined state. On the basis of systematic and deep studies on 
relativistic nuclear collisions, very significant information about QGP 
formation have been recently gleaned. It is interesting to emphasize that 
for investigating the salient features of the de-confined state of nuclear 
matter, QGP, a thorough study of the global observables such as 
a 
deposition of energy, pseudorapidity distribution[l-6] and distributions 
of multiplicities of secondary particles[4] is very important. 
3.2 Particle Multiplicity 
Particle multiplicity as a global observable is one of the most general 
characteristics of the nucleus-nucleus collisions and gives important 
information about: i) how initial energy available is distributed for 
producing particles in the final state, ii) centrality of the collision and iii) 
underlying dynamics of the particle production mechanism. In the 
present study 58 events of 158A GeV/c Pb-Pb interactions have been 
analyzed. For this data sample the mean multiplicity of relativistic 
particles in final state is < Hg > = 1120 ± 58. The HJ distribution of 
this small sample of data did not yield any significant information. 
However, since < Hg > ~ 1120, the percentage of peripheral collisions 
in the sample is small and it is very suitable for event-by-event analysis 
of many characteristics. 
3.3 Angular characteristics 
3.3.1 Pseudorapidity distribution 
One of the most important kinematic variables employed to study 
angular characteristics of relativistic charged particles is the 
pseudorapidity variable. Its distribution is envisaged to yield very 
significant information about the mechanism involved in the 
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multiparticle production in these collisions. The rapidity variable, y, 
defined as y = -In _ ' , where E and pi denote respectively the total 
energy and longitudinal momentum of a particle, is of particular interest. 
It may be stressed that in nuclear emulsion experiments, rapidities of 
charged particles can not be measured directly and hence pseudorapidity 
variable, r\, is instead measured. Pseudorapidity may be expressed as 
g 
r| = — lntan(-), where 0 is the angle made by a relativistic charged 
particle with the mean direction of the incident beam. In the present 
study the various features of the pseudorapidity variable have been 
investigated using event-by-event analysis or sampling the events into 
groups. In Fig. 3.1, Fig. 3.2 and Fig. 3.3 are given the normalized 
pseudorapidity distribution, (- -—) where N = X dng, of shower 
particles by sampling the events into three groups, namely: 
A) Events having Hg > 1377 which may be taken to correspond to 
relatively more central interaction having smaller values of impact 
parameter of the collision. The number of events in this sample is 25 
with < Hs > = 1486 ± 13 
B) Events with 853 < Hg < 1346 which may correspond to less 
central or semi central interaction with larger values of impact 
parameter of the collision. The number of events in this sample is 20 
with < Hs > = 1132 ± 32 
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Fig. 3.3 ri distribution corresponding to peripheral Pb-Pb interactions at 158A GeV/c. 
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C) Events with Hg < 802 which may correspond to peripheral 
interaction with relatively larger values of impact parameter of the 
collision as compared to class B. The number of events in this sample 
is 13 with < Hs > = 398 ± 6 4 
Of special interest is the pronounced multiple peak structures seen for 
these cases. These distributions cannot be well represented by a single 
Gaussian distribution. In all the three cases the r| distributions extends 
right from the target fragmentation region to the extreme of the projectile 
fragmentation region and are reproduced reasonably well by three 
distinct Gaussian distributions. N. Ahmad et al. studied "Emission of 
relativistic hadrons in the backward hemisphere in nuclear collisions" in 
4.5A and 14.5A GeV/c Si^^-nucleus interactions[6] by disentangling the 
rj distribution into two Gaussians and found that production of events 
takes place due to the interaction of the regions representing right and 
left Gaussians. M.I. Adamovich et al.[4-5] have analyzed the 
pseudorapidity distributions of particles produced in Au+Em interactions 
at 10.6A GeV/c for four centrality cuts and 0+Em interactions at 200A 
GeV/c for different centrality cuts. In a similar attempt we have tried to 
investigate the population of target, projectile and central region of T\ 
space in case of the three data samples. This has been carried by 
disentangling the r\ distribution into three Gaussians. The curves in the 
figures are Gaussian distributions having the following form: 
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1 dn. A 
N dri a(Ti)V(2n) 
- (T1-<T1>)^ 
e 2(a(Ti))2 
where < r| > and <j(r|) represent respectively the mean value of T] and 
the dispersion of r| distribution with N = X dng and A represents the 
total area under the curve. 
The values of < T] >, a(Ti) and A for each Gaussian fit, shown in Fig. 
3.1, Fig. 3.2 and Fig. 3.3 for the three cases, is given in table below. 
Table 3.1 
Category of 
events 
(A) 
Central 
(B) 
Semicentral 
(C) 
Peripheral 
First Gaussian fit 
<T1> 
2.065 
1.799 
1.639 
o(r]) 
0.452 
0.327 
0.261 
A 
0.163 
0.072 
0.060 
Second Gaussian fit 
< r i> 
3.275 
2.918 
2.720 
OCT]) 
0.860 
0.575 
0.363 
A 
0.566 
0.532 
0.124 
Third Gaussian fit 
< n > 
4.721 
4.487 
3.524 
^(ri) 
0.98 
1.10 
1.68 
A 
0.271 
0.387 
0.820 
If the area under the first Gaussian fit be associated with the target 
fragmentation region, that under the second fit with the central part and 
the third fit with projecfile fragmentafion region, then we see that the 
hi 
population of the projectile fragmentation region is maximum in case of 
peripheral collision, minimum in central collision events and with an 
intermediate value for semi central collision events. Similarly the area 
under the central part is large in case of central and semicentral 
collisions in comparison to peripheral collisions. 
We tried to compare the pseudorapidity distributions of the three data 
sets (which may correspond to central, semicentral and peripheral 
category of events) with pseudorapidity distributions of simulated 
events, generated using HIJING code. We generated 18 data sets, each 
having 500 simulated events, by selecting impact parameter ranging 
from 0 fm to 17 fm. The maximum range was chosen to be 17 fm 
because in Pb-Pb collision a peripheral interaction corresponds to a 
maximum impact parameter of 16.76 fm. Data sets with varying average 
multiplicities were obtained. Pseudorapidity distributions of the three 
cases could be compared with that of the generated data sets having 
similar average multiplicities. We first looked for the dependence of 
pseudorapidity distribution of these 18 data sets on < Hg >. Average 
value of Hg and impact parameter for the 18 data sets is shown in 
following table: 
'O c*. 
Table 3.2 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Impact 
Parameter 
(fm) 
0 
1 
2 
3 
4 
5 
6 
7 
8 
< n s > 
1438.7±2.0 
1428.9±2.1 
1394.8±2.4 
1343.8+3.4 
1273.4+4.6 
1190.8+6.2 
1101.8+8.2 
1013.9+9.9 
921.3+11.8 
S.No. 
10 
11 
12 
13 
14 
15 
16 
17 
18 
Impact 
Parameter 
(fm) 
9 
10 
11 
12 
13 
14 
15 
16 
17 
< n s > 
822.8±12.9 
760.1 + 14.8 
621.0±15.9 
559.1±16.7 
496.6+17.2 
453.5+18.2 
356.3+16.4 
385.2+17.8 
350.6+16.9 
We selected events with 0 fm, 6 fm, 12 fm, 16 fm and 17 fm as values of 
impact parameter and plotted their pseudorapidity distributions on a 
same graph as shown in Fig. 3.4 with N = Sdng. It was found that 
pseudorapidity distributions are independent of impact parameter and 
< Hg >. Thus we were in rather unique position to compare any of these 
distributions with pseudorapidity distributions of the three data sets. 
These pseudorapidity distributions were found to be matching with 
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Fig. 3.4 r| distributions of HIJING generated events with 0 fm, 6 fm, 12 fm, 16 fm 
and 17 fm as values of impact parameters. 
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pseudorapidity distributions of the data sets as shown in Fig. 3.5 with N 
= X dn, generated using HIJING code. A similar analysis was done by P. 
Deines-Jones et al.[8] to study pseudorapidity distributions of highest 
multiplicity event and 40 high multiplicity events obtained in Pb-Pb 
collisions at 158A GeV/c. These 40 high multiplicity events were the 
most central events. To test the validity of the superposition model of 
nucleus-nucleus interactions the shapes of these pseudorapidity 
distributions were compared with that of 9 and 40 simulated events (with 
"similar multiplicities" as that of experimentally obtained highest 
multiplicity event and 40 high multiplicity events respectively), chosen 
from a sample of 1267 events, generated using FRITIOF Monte Carlo 
code. FRITIOF generated results were found to be in close agreement 
with those obtained experimentally for both the cases. 
3.3.2 Dependence of < < r\>> and < D(TI) > on n^ 
The study of the variations of the average dispersion of rj distribution, 
D(r|) = ^[< r\^ > —< r\ >'^] and the variation of the double average of 
pseudorapidity with n^ may provide some very useful information about 
cluster formation. For this purpose the values of < r) > and D(r|) for 
relativistic charged particles are calculated for each event. In Fig. 3.6 
and Fig. 3.7 we show the variation of < r| > and D(r|) with n^ having 
slopes -0.00003 and -0.00032 respectively. Further, the average values 
0.35 
0.30-
0.25-
5^ 0.20 
-a 
5 0.15-
0.10-
0.05-
0.00-
T ' r 
ob 
Central Interaction 
Semi Central Interaction 
Peripheral Interaction 
HIJING Result 
10 
Fig. 3.5 r) distributions for the three data samples and that for a set of HIJING events 
JO o 
10-
- 5 -
<ri> v/s n 
400 800 1200 1600 
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Fig. 3.7 Variation of D(r|) with n^ in 158A GeV/c Pb-Pb collisions. 
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of < r| > and D(r|) for all the events having the same value of n^ are 
then determined, which are represented by < < r\>> and < D(r\) > 
respectively. 
The variations of < < r| > > and < D(TI) > with n^ are displayed in 
Fig. 3.8 and Fig. 3.9 with slopes -0.00029 and -0.00575 respectively. 
From the figures it was noticed that the values of < < r| > > and 
< D(r|) > are practically constant for values of rig. 
3.3.3 Maximum Pseudorapidity Gap Analysis 
A very important characteristic of multiparticle production that deserves 
special attention is the maximum pseudorapidity gap distribution[7]. By 
ordering the pseudorapidity of each charged particle in an event, i.e., 
^1 < 1I2 < Tls < •" < Tin? where n is the charged multiplicity in 
rapidity space, one can define the maximum pseudorapidity gap (A^ax) 
as the maximum difference between pseudorapidity values of adjacent 
charged particles; i.e. A^ax = ^^^ hi+i - ^i]- We found that most of 
the Amax ^re not uniformly distributed in the interval, rather in most of 
the events Aj^^x occurs closer to extreme intervals, either for i = 1 or for 
i = n-1. This tendency increases with increasing multiplicity. This 
indicates the presence of the leading-particle effect. Similar behavior 
was observed for Mg^* - AgBr, 0^^ - AgBr and S^ ^ _ AgBr 
interactions in the energy range 4.5 - 200 AGeV[7]. 
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Fig. 3.9 Variation of < D(TI) > with n^  in 158A GeV/c Pb-Pb collisions. 
The use of r\ instead of y is not important because the energies are very 
high. The experimental distribution of A^ax for Pb-Pb interaction at 158 
AGeV/c is shown in Fig. 3.10. It may be concluded that the distribution 
is reasonably well fitted by Gaussian distribution. Similar analysis by 
Dipak Ghosh et al.[7] also speaks in favour of Gaussian distribution for 
distribution of maximum rapidity gap. The distribution also reveals that 
there is a prominent peak in the small A^ax region and the distribution 
falls off rapidly. We also looked for the distribution of second Amax- It is 
shown in Fig. 3.11 and is found to have the same nature, indicating the 
presence of leading particle effect. 
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Fig. 3.10 Distribution of maximum rapidity gap A^ax for Pb-Pb collisions at 158 A 
GeV/c. 
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CHAPTER IV 
Fluctuations in Relativistic Nuclear Collisions 
4.1. Introduction 
In particle physics intermittency refers to the power-law behavior of the 
normalized factorial moments, Fq , with decreasing bin size. The 
observation of this behavior suggests that the mechanism of multiparticle 
production in relativistic nuclear collisions has self-similar property. The 
possibility of occurrence of intermittent behavior of spectra of particles 
produced in high energy collisions has been suggested[l] as a vital tool 
to understand the appearance of spikes in rapidity distribution observed 
in high energy experiments[2]. "Spikes", are interpreted as the clusters 
of many particles in a very small rapidity interval. Occurrence of 
dynamical fluctuations in high energy nucleus-nucleus collisions may be 
studied in terms of intermittency. Study of this aspect of multiparticle 
production has recently provided great impetus with the idea that it 
might help understand the dynamics of multiparticle production in these 
collisions. The idea which greatly motivated Bialas[l] and others to 
thoroughly and systematically study intermittency came after the 
observation of rapidity fluctuations in a very high multiplicity cosmic 
ray event, generally, known as JACEE[2] event. However, the 
phenomenon of intermittent behavior was studied much earlier and was 
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first observed in the case of turbulent flow[3] of fluids. In today world 
the importance of studying fluctuations lies in the fact that these 
fluctuations may manifest during the formation of QGP. Hence the 
occurrence of dynamical fluctuations in relativistic nuclear collisions 
may be considered as an important signature of the QGP formation. 
Dynamics of multiparticle production in high energy A-A collisions may 
be well understood by studying fluctuations in multiplicity and 
pseudorapidity distribution of secondary particles produced in these 
collisions. Study of the fluctuations will also help understand the 
mechanism of QGP formation in ultra-relativistic heavy-ion collisions. 
To understand the origin of the existence of dynamical fluctuations, 
many attempts[4,9] have been made to investigate the phenomenon and 
further efforts are also being currently made. It may be interesting to 
note that the most significant and successful approach for invesfigating 
dynamical fluctuations was proposed by Bialas[l]. Large non-stafistical 
fluctuations in rapidity distribution or high value of energy density, have 
also been proposed as possible signatures of the phase transition[4] from 
normal nuclear matter to deconflned state of quark-gluon plasma. 
In this chapter, description of mathematical tools necessary to the study 
of intermittency in nuclear collisions at high energies is presented. 
Intermittent behavior and the occurrence of phase transition may be 
described fairly well in terms of the predictions of certain models. 
o / 
Important features of these models are briefly discussed in this chapter. 
In the end of this chapter, results on certain important characteristics 
which help disentangle some important conclusions regarding the 
occurrence of intermittency in 158A GeV/c Pb-Pb interactions are 
presented. 
4.2 Mathematical approach to study intermittency 
A number of high energy physicists became seriously interested in 
studying the occurrence of intermittent behavior in high energy 
collisions after the observation of the spike events, first observed in 
cosmic ray interactions[2], and later in the collisions at accelerator 
energies. 
The correct theory along with the necessary mathematical formalism to 
explain the existence of intermittency was first presented by Bialas and 
Peschanski[l]. According to these workers, a pseudorapidity interval Ar| 
An 
is partioned into M bins each of the same size, 6r| = — • If Hm denotes 
the number of particles lying in the m* bin, where m may take on any 
value from 1 to M, then the averaging procedure used, leads to two types 
of cell averaged moments which are described below. 
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4.2.1 Horizontal and vertical scaled factorial moments 
For an interaction producing a large number of secondary particles, the 
scaled factorial moments are defined in the following fashion: 
u _ iwrq-l VM " m ( " m - l ) ( " m - q + l ) /i>. 
^q i l Lm=l N ( N - l ) (N-q+1) ^^ ^ 
where q is the order of the moments and N represents the number of 
charged particles in the event lying in the pseudorapidity interval Ar|. 
The behavior of Fq as a function of 6r) (hence of M) is an indicator of 
the correlation length for fluctuations[9]. For example, one might expect 
an increase in Fq with decreasing 6ir| until 6r| is chosen to be smaller 
than the scale length for fluctuations, at which point Fq would become 
independent of 6r|. The preceding calculation applies to single event, but 
in practice it is necessary to average over an ensemble of events. 
Equation (1) can be generalized to include events of varying multiplicity 
in several ways. The simplest approach is to use equation (1) averaged 
over the event sample, i.e., an exclusive average. This procedure 
neglects the influence of varying multiplicities on the SFMs, so an 
inclusive average. The latter approach is referred to as the "horizontal 
analysis". The values of these moments for a random sample of events, 
having different multiplicities, may be calculated from: 
c — A/rq-l VM " m ( " m ~ l ) ( "m-q+1) /^x 
F q - M ^ 2.m=l ^^c^ (2) 
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where < N > denotes the average value of multipHcity of the particles 
lying in the interval Ar| in the pseudorapidity space. If the averaging is 
carried out over the number of events in the data sample, the average 
value of q* order factorial moment is given by: 
For a smooth rapidity distribution, i.e., a rapidity distribution free from 
any fluctuations, other than the statistical ones, < Fq > are envisaged to 
be independent of the resolution Sr\ in the limit 6r| ^ 0. However, the 
existence of any non-statistical fluctuations will ultimately be 
responsible for the scaled factorial moments to obey the following 
power-law behavior: 
< Fq > = [^]*^ (4) 
for the situation 5r) -> 0. 
In the above equation, ())q, represent the intermittency indices which 
always have positive values. These indices are also called intermittency 
strength. The observed linear rise in In < Fq > with —InSrj in the case of 
smaller bin widths is expected on the basis of the power-law. The values 
of intermittency indices are obtained from the asymptotic behavior 
characterized by: 
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^ ^ A(ln5Ti) ^ ' 
The power-law behavior of the scaled factorial moments is a 
consequence of the fractal nature or the source emitting particles. Study 
of this aspect, in particular, is carried out through the observed behavior 
of anomalous fractal dimensions, dq, which are defined in terms of 
intermittency indices, c|)q, with the help of following expression: 
dq = - ^ (6) 
q q _ i '^  > 
As the scaled factorial moments are found to respond very quickly to 
any change in the shape of a pseudorapidity distribution, an additional M 
dependent factor Rq was introduced[9] for examining the intermittent 
behavior in the case of non-flat distributions varying within the finite bin 
of width 6r|. The correction factor Rq is evaluated using. 
R, = M l - i : j ^ (7) 
where 
< n ^ > = — S i i i ^ ^ (8) 
Nevt <N>' ' ^ ^ 
Thus, after introducing the correction factor, Rq, the scaled factorial 
moments are defined as: 
7i 
< F > = ^ ^ • (9) 
With the horizontal analysis, all the bins are treated uniformly, so some 
variation in the factorial moments is due to r\ dependence of the average 
multiplicity within a bin[9]. The pseudorapidity density distribution is 
far from uniform. To correct for this variation, one may adopt an 
alternate approach referred to as the "vertical" analysis. The behavior of 
vertical factorial moments may be studied using the following 
expression: 
if the averaging is done over all the events, the vertical scaled factorial 
moments, < Fq > are given by: 
^ n v ^ _ 1 VM ^ yNevt NT "m,i("m,i~^) ("m,i-q+'>^) / 1 1 ^ 
< Fq > ~ - Zm=1^2. i= i Nevt ^^^ (H) 
where 
< n [ n > = - ^ i : r j r n m , i (12) 
,th represents the mean number of particles falling in the m^ bin for the 
entire data set of Nevt-
7 p 
4.3 Random cascade model 
The fact that intermittency patterns are related to scale-invariant process 
of random cascading has been verified in terms of the predictions of the 
hadron cascading model and the perturbative quantum chromodynamics 
description of parton cascading. It may be stressed that the phenomenon 
of fluid turbulence also exhibits power-law behavior[3]. The question of 
using an analogous approach for investigating the intermittency 
phenomenon in relativistic nuclear collisions is, therefore, an important 
issue to be addressed. On the basis of cascade model, occurrence of 
intermittent behavior in turbulence had been analyzed. However, Bialas 
and Peschanski have put forward a modified form of this model in order 
to make it effective for such studies in nuclear collisions at high 
energies. According to this model[8], the pseudorapidity space is binned 
in a series of self-similar steps. If on partitioning the whole phase space, 
using \i iterations at each step, giving X parts of the self-similar cascade 
results in M bins, then the number of bins, M, may be determined from: 
M = A^^ = ^ (13) 
5n 
for a total rapidity range Ar| divided into bins of width 6r|. 
For the simplest case of A = 2, the division of phase space can be 
pictured by Cayley tree depicted in Fig. 4.1. This may also be shown in 
terms of the phase space partition box diagram shown in Fig. 4.2. 
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Fig. 4.1 Cayley tree representation of intermittency. 
Fig.4.2 Box diagram of intermittency. The initial phase space is divided into 
boxes following the Cayley tree scheme of Fig.4.1 
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Cascade model, defines a single multiparticle event using a set of 
random numbers, W's, one for every junction of the Cayley tree or for 
every box of the partition diagram in phase space. The random numbers 
are considered to be independent random realizations of a random 
function following an arbitrary probability distribution r(W) with the 
constraints, 
< W ' i > = JW^r(W)dW (14) 
< W > = 1 (15) 
The density p^ in the m* bin is given by the product: 
Pm = ^n! ;=iW„ (16) 
!_ . P(m) 
^^™ M <p(m)> ^^'^ 
where p(m) denotes the particle density in the m* bin for which the 
path is defined through a sequence of indices n. 
It is important to mention that a new set is randomly chosen for all W's 
in the tree structure if a second event is considered in the Random 
Cascade Model so that all W's turn out to be independent of the 
operating scale. According to this miodel the intermittent behavior is 
defined as: 
'.?6 
F, = < (Mp™)^  > = < n „ ^ , W„^  > = © ^ (18) 
In random cascade model, the intermittency indices are given by: 
A. in<wq> 
This fact indicates that the indices defined in random cascade model 
possess a multifractal spectrum. 
For the situation when A = 2, the random cascade model is also known 
as a-model and a two level probability distribution is used to describe 
the r(W) distribution expressed as: 
r(W) = p5(W - W_) + (1 - p)5(W - W+) (20) 
where 0 < W_ < W+ 
and the normalization condition leads to: 
pW_+ ( l - p ) W + = 1 (21) 
where W+(> 1) is visualized to define as increase in the density whose 
probability of occurrence is p at each cascade and W_(< 1) represents 
the depletion in density with a probability (1-p). Increase and decrease in 
the density result in the formation of "spikes" and "valleys" respectively 
in the rapidity distribution. 
In this special case the intermittency indices are expressed as: 
In [pWi+ (l-p)W^] 
* q = - ^2 
YV 
(22) 
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4.4 Results and Discussions 
4.4.1 Behaviour of In < Fq > with -ln6Ti 
The investigation of horizontal SFMs was performed for the particles 
emitted within pseudorapidity intervals (< r| > —a) < r| < (< r| > +a) 
and 2.2 < r| < 4,8 . In these expressions < r| > = 3.506 and it 
represents average value of pseudorapidity. a = 1.316 and it represents 
standard deviation. These r] intervals are chosen at and around the mid-
rapidity region. Limiting the values of r| interval also ensures that we 
have divided the pseudo-rapidity range Ar] into bins of uniform width. 
This is particularly important when analysis is performed for complete 
data. We have selected these "narrow" r\ intervals as they are the suitable 
ones to study the produced particles and consequently the phase-
transition. 
For the first r\ interval the analysis was performed event by event. For 
the second x\ interval i.e., 2.2 < r) < 4.8 the analysis was performed by 
sampling the data in following ways: 
(i) Using complete data as one sample. 
(ii) With complete data divided into three groups as sampled earlier 
with < Hg > ~ 1486, 1132 and 398 respectively, 
(iii) Performing event by event analysis. 
.y 
The variations of In < Fq > with - ln6r| were examined separately for 
each of the above cases seperately. The factorial moments, Fq, for the 
orders, q = { 2 and 3 ) were obtained. In a few cases, corresponding to 
very low values of n^, higher order moments (3 < q < 5) were also 
obtained when independent event analysis was done. It is seen for all the 
cases that SFMs value increase with the decreasing bin width 6r|. This 
behavior supports the presence of intermittency. Fig. 4.3, Fig. 4.4 and 
Fig. 4.5 show the second and third order factorial moments for the cases 
when the data was sampled into three groups with 2.2 < rj < 4.8 as the 
range of rj. The lines in the figures are obtained by the least squares fits 
to the dats. But when independent event analysis was done a few events 
were found not obeying this power law behavior. EMUO1 collaboration 
studied[10] 0^^+Ag(Br) central, Hg > 150 and S^^+Au central, 
Us > 300 interactions at 200A GeV for 2.0 < r| < 4.0 and found a rise 
in the moments down to very small values of Ar], indicating 
intermittency. For Pb-Pb interaction at 158A GeV/c we obtained similar 
results for pseudo-rapidity intervals chosen at and around the mid 
rapidity region. 
4.4.2 Intermittency indices, <|)q, as a function of q 
The intermittency indices, (j)q, are correlated with the strength of 
intermittent behavior and are obtained from the observed linear 
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Fig. 4.3 Variations of in<F > with -InSri for central collision events. 
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Fig. 4.4 Variations of ln<F > with -ln5r| for semicentral collision events. 
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Fig. 4.5 Variations of ln<F > with -inSri for noncentral collision events. 
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dependence of In < Fq > on -In < 6T] >. c|)q are the slopes of the fits 
to In < Fq > versus - In < 5r| > plots. Another finding noticed here is 
that the slopes increase with increasing orders, q. Table 4.1 lists the ratio 
/A. for all the cases. 
Table 4.1 
Tl 
^ 2 
<^3 
< 4 ) 2 > 
<(1)3> 
4>3/ 
/Cl)2 
S2 
S3 
(< Tl > - a ) < n < (< Ti > +a) 
(A) Event-by-Event analysis 
-
-
0.0246 
0.0669 
2.5619 
-0.00004590 
-0.00011670 
2.2 < ri < 4.8 
(B) 
Complete 
data 
0.0183 
0.0518 
-
-
2.8240 
-
- • 
(C) Event-by-
Event analysis 
-
-
0.0278 
0.0750 
2.6528 
-0.00006615 
-0.00016970 
(D) Data 
sampled into 
three regions 
-
-
0.0231 
0.0618 
1.7656 
-0.00001690 
-0.00002637 
Where: S2 = ? ^ and S3 = ^ 
dric dric 
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The sources responsible for the power law behavior at the final state of 
particle production can be linked to the self-similar process. In self-
similar processes, using Gaussian distributions, the ratio of (j)q to second 
order intermittence exponents can be expressed as: 
l = ' 3 > 
Fig. 4.6 and Fig. 4.7 show the variation of (|)3 with (p2- The lines in these 
figures are obtained by the least squares fits to the data. Cases A, B and 
C clearly supports this process and the fact that higher order factorial 
moments supply little new information, since almost all of the 
statistically significant information is already present in the second 
moment. Variations of (p2 ^^^ 4^ 3 with n^ were also studied. Table 4.1 
lists the value of slopes obtained. Fig. 4.8, Fig. 4.9 and Fig. 4.10 shows 
the variations for all the three cases studied. The lines in these figures 
are obtained by the least squares fits to the data. For all the cases (^2 ^^^ 
4)3 were found to be independent of Hg. Fig. 4.11 shows this variation 
for FRITIOF (modified version) generated data within pseudorapidity 
interval 2.2 < r) < 4.8 when event-by-event analysis was performed. 
Similar trend for the variation of ^2 with Hg was observed when 
compared with Case C. Values of < (J)2 > and S2 for this FRITIOF 
(modified version) generated data were found to be 0.0112 and -
0.00000665 respectively and these values are in good agreement with 
0.5 
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0.00 0.05 0.10 0.15 0.20 
Fig.4.6 Variation of (^2 with (^2 fo"" (< T] > "O") < T] < (< r| > +a) as range of ri 
when event-by-event analysis is done. 
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Fig.4.7 Variation of ^^ with (^2 for 2.2 < r| < 4.8 as range of ri when event-by-
event analysis is done. 
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Fig.4.8 Variation of 4)2 and 4)3 with n^ for (< T] > -^) < r| < (< r| > - a ) as range 
of r|. 
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Fig.4.9 Variation of 4)2 and cJDg with HJ for 2.2 < TI < 4.8 as range of T]. 
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Fig.4.10 Variation of 4)2 and 4)3 with n^ for data sampled into three regions with 
2.2 < T] < 4.8 as range of rj. 
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Fig.4.11 Variation of (^2 with n^ with 2.2 < r| < 4.8 as range of tj for FRITIOF 
(modified version) generated data. 
S i 
experimental values obtained. For the FRITIOF (modified version) 
generated data SFMs were obtained up to third order when event-by-
event analysis was performed as with the experimental data and only for 
a few events higher order SFMs were obtained. 
4.4.3 Distribution of (j)2 
The large multiplicity in most central Pb-Pb interactions allows us to 
perform an analysis of fluctuations on an event-by-event level. EMUOl 
collaboration[ll] studied distribution of (p2 for the central Pb-Pb 
interaction at 158 A GeV/c. Fig. 4.12. shows the findings of the 
collaboration[ll]. In Fig. 4.12. the distribution of (1)2 for the central 
event-sample is compared with the results from Monte Carlo simulation, 
using the experimental multiplicity and density distributions, taking only 
statistical fluctuations into account. The offset between the two 
distributions indicates a week signal for non-statistical fluctuations. The 
similar dispersion of the two distributions, however, indicates that on the 
event-by-event level most of the observed fluctuations are of statistical 
origin. With our data we also obtained distributions of (^2 ^s shown in 
Fig. 4.13. for (< Ti > - a ) < Ti < (< T] > -\-o) and 2.2 < r| < 4.8. It 
was observed that in both the cases the distribution is non Gaussian 
indicating that the observed distribution of event-by-event fluctuations 
may be described by non-statistical fluctuations which disagrees with the 
finding reported in[l 1]. 
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Fig.4.12 The event-by-event distributions of ^2 in a central sample of Pb-Pb 
interactions at 158 A GeV/c (hatched histogram) and a calculation which only 
considers the statistical contribution. 
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Fig.4.13 The event-by-event distributions of (j)2 in a central sample of Pb-Pb 
interactions at 158 A GeV/c for (< T] > - a ) < i] < (< T] > +o) and 2.2 < T] < 4.8. 
References: 94 
1. A. Bialas, Nuclear Physics A525 (1991) 345c-360c. 
2. T.H. Burnett et al. (JACEE Collaboration), Phys. Rev. 
Lett.50(1983)2062. 
3. B. Mandelbroat, J. Fluid. Mech.,62(1974)331. 
4. Stephanov M. Rajagopal K. and Shuryak E., Phys. Rev. Lett, 
81(1998)4816. 
5. R.J. Wilkes et al.. Nuclear Physics A544 (1992) 153c-168c. 
6. M.I. Adamovich et al.. Physics Letters B Volume 263, Number 3,4. 
7. R.C. Hwa and J.C. Pan, Phys. Rev., D45(1992)1476. 
8. M. Mohsin Khan: Ph.D. Thesis, Aligarh Muslim University, Aligarh, 
India(2005). 
9. M.L Adamovich et al.. Physical Review Letters, Volume 65, Number 
4(1990); M.L Adamovich et al.. Physical Review D, Volume 47, 
Number 9(1993). 
10. Nuclear Physics A498(1989) 541c-546c. North-Holland, 
Amsterdam. 
11. M.L Adamovich et al.. Physics Letters B 407 (1997) 92-96. 
CHAPTER V 
Summary and Conclusions 
For the last more than 25 years, physicists have been carrying out 
experiments by colliding heavy ions to understand various interesting 
features of nucleus-nucleus collisions. These experiments have been 
performed by gathering evidence from several experiments for studying 
the behavior of different observables. 
The study of emission characteristics of the produced particles is 
considered to be of much importance because such studies, if done in a 
systematic and organized manner, can give deep insight into the 
underlying mechanism of multiparticle production. The rj distribution 
was studied by sampling the data into three sets which may correspond 
to central, semicentral and peripheral category of events and analyzing 
each distribution by simultaneously fitting it with three Gaussians. It was 
found that as one moves from central interaction region to peripheral 
region contribution from the spectator part will increase while the area 
under the distribution, where particle production may take place, will 
reduce. 
As pointed out earlier, dispersion of rapidity distribution, D(ri), is a 
measure of clusterization among the relativistic charged particles 
produced in individual events. It may be stressed that the study of the 
D(ri) distribution also supports the idea of particle production through 
the decay of clusters. Study of the variations of « r| » and < D(r|) > 
with Hs clearly reveals occurrence of clusterization in 158A GeV/c Pb-
Pb collisions. 
From the experimental distribution of A^ax and second A^ax for Pb-Pb 
interaction at 158A GeV/c it was found that the distributions are well 
fitted by Gaussian distribution. The distributions also revealed that there 
is a prominent peak in the small A^ g^x region and the distributions fall 
off rapidly, indicating the presence of leading particle effect. 
QGP is envisaged to be formed at an early stage of relativistic heavy-ion 
collisions at very high energy density and temperature. It is practically 
impossible to directly observe QGP formation, therefore a number of 
important signatures have been proposed. Dynamical fluctuations are 
regarded to be one of the most important signals of QGP formation. 
Hence, study of non-statistical fluctuations in multiplicity and 
pseudorapidity distributions of relativistic charged particles produced in 
high energy nuclear collisions is considered to be quite useful and 
important in disentangling information about QGP formation. 
Usefulness of the fluctuations as a signal for the QGP formation depends 
on the fact that formation of QGP would manifest itself in the form of 
non-linear emission of particles producing unusual peaks and valleys in 
the multiplicity and pseudorapidity distributions. Presence of 
9V 
intermittency results due to the power-law behavior of the scaled 
factorial moments, Fq, with decreasing bin widths, 5ri, may be an 
indication for the presence of dynamical fluctuations in relativistic 
nuclear collisions. This approach has been used to study non-statistical 
fluctuations in the Pb-Pb interaction at 158A GeV/c. The presence of 
intermittency is clearly established by examining In < Fq > versus 
-ln5ri plots for particles emitted within pseudorapidity intervals 
2.2 < r| < 4.8 and (< rj > - a ) < TJ < (< r) > +o) . Factorial 
moments show a linear rise confirming, thereby power law behavior and 
thus indicating the presence of intermittency. The slopes of In < Fq > 
versus -ln5ri plots define the strength of intermittency, (|)q. The values 
of these slopes are found to increase with the order of moment, q for all 
the cases studied. 
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